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(54) Ink jet printer, ink jet head and image forming method 



(57) An ink jet printer (1) for forming an image on a 
recording medium (99) with an active-ray-setting ink, 
which is hardened by an irradiation of active rays; having 
a plurality of heads, each of the plurality of heads (4) 
having a plurality of jet openings for jetting the active- 



FIG. 1 



ray-setting ink as ink drops towards the recording me- 
dium; and a plurality of active ray sources to irradiate 
active rays for hardening the ink drops of the active-ray- 
setting ink landed on the recording medium, wherein 
each of the plurality of heads and each of the plurality 
of active ray sources are arranged alternately. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an ink jet printer, an 
ink jet head unit, and an image forming method which 
makes image formation on a recording medium by the 
jetting of ink drops on the recording medium. 
[0002] In recent years, as an image forming method 
capable of forming an image simply at a low cost, an 
image forming method using an ink jet printer is used in 
a large number of cases. A serial type ink jet printer 
moves a recording medium, a paper sheet for example, 
intermittently in the sub-scanning direction, and while 
the recording medium is stopped, moves the head over 
the recording medium in the main scanning direction 
which Is perpendicular to the sub-scanning direction. 
Further, during the moving of the head in the main scan- 
ning direction, the ink jel printer jets ink drops from the 
head to the recording medium by deforming a piezoe- 
lectric element forming an ink chamber, or by heating a 
heater in the case where a heater is provided in the ink 
chamber. In another case, an ink jet printer having a line- 
shaped head moves a recording medium, a paper shoot 
for example, in the sub-scanning direction, and jets ink 
drops from the line-shaped head provided lengthwise in 
the main scanning direction which is perpendicular to 
the sub-scanning direction to the recording medium. 
The methods of jetting ink drops in this case are same 
as those of serial type ink jet printer. By such operations 
of ink jet printers, an image is formed on a recording 
medium. 

[0003] Incidentally, as regards an ink to be used in an 
ink jet printer, there is an active-ray-setting ink to be 
hardened by the irradiation of active rays such as ultra- 
violet rays or electronic rays. An active- ray-setting ink 
is composed of, for example, a color material, a polym- 
erizable monomer or oligomer, and a polymerization in- 
itiator and a polymerization accelerator at need, and is 
hardened by a bridging reaction or a polymerization re- 
action induced by the irradiation of active rays. A printer 
practicing image formation with such an active-ray-set- 
ting ink has been being remarked in recent years from 
the viewpoint that it gives out comparatively lower smell 
compared to a printer practicing image formation with a 
solvent ink and Is capable of recording on a recording 
medium having no ink absorbing ability. 
[0004] Incidentally, as an ink jet printer making a print 
with a UV ink to be hardened by ultraviolet rays, such 
one as shown in Fig. 9 is known. Fig. 9 shows the top 
view of a state in which a recording medium 1 04 is being 
transported in the sub-scanning direction B as an outline 
view for the purpose of making it easy to understand the 
layout of the ink jet head. In the ink jet printer shown in 
Fig. 9, each of the heads 102, 1 02, — jets ink drops of 
a UV ink to the recording medium 104; the heads 1 02, 
1 02, — are provided on the carriage 1 01 which is mov- 
able back and forth in the main scanning direction A, 



and a light source 103 is provided at the downstream 
side of the carriage 101 in the sub-scanning direction B. 
That is, the light source 103 is provided at the down- 
stream position in the transporting direction B' of the re- 

5 cording medium 104. 

[0005] This ink jet printer jets ink drops during the 
moving of the carriage 101 in the main scanning direc- 
tion A from the heads 102, 1 02, — towards the recording 
medium 104, transports the recording medium 104 in 

10 the direction of the sub-scanning direction B, and makes 
the light source 103 emit ultraviolet rays. By this opera- 
tion, ink drops landed on the recording medium 104 are 
hardened. However, in this ink jet printer, because it 
takes a considerable time to emit ultraviolet rays after 

75 the ink drops are landed on the recording medium 1 04, 
the ink drops landed spread to an extent greater than 
necessary on the recording medium. 
[0006] Especially, in the case of color printer, where 
plural heads jel respectively different color ink to form a 

20 color image, difference in the degree of color mixture 
occurs and may lead to a large image problem. 
[0007] For the purpose of obtaining a high-quality im- 
age, it is desirable to irradiate the ink drops by ultraviolet 
rays to harden the ink drops as soon as possible after 

25 the UV ink drops are landed on the recording medium. 
[0008] Therefore, the object of this invention is to 
make it possible to form a high-quality image on a re- 
cording medium. That is, the object is to accomplish an 
image formation of high image quality by the controlling 

30 of the spreading of ink drops landed on the recording 
medium as well as by the equalizing of the degree of 
their spreading. 

[0009] The above-mentioned object is accomplished 
by any one of the structures described below. 



35 

(1 ) An ink jet printer for forming an image on a re- 
cording medium with an active-ray-setting ink, 
which is hardened by an irradiation of active rays, 
comprising: a plurality of heads, each of the plurality 

^0 of heads having a plurality of jet openings for jetting 
the active-ray-setting ink as ink drops towards the 
recording medium; and a plurality of active ray 
sources to irradiate active rays for hardening the ink 
drops of the active-ray-setting ink landed on the re- 

45 cording medium, wherein each of the plurality of 
heads and each of the plurality of active ray sources 
are arranged a Hern ale ly. 

According to the structure (1 ), because each of 
the plural heads and each of the plural active ray 

so sources are arranged alternately, the ink drops 
landed on a recording medium, from whichever 
heads they have been jetted, arc immediately irra- 
diated by the active rays emitted from the neighbor- 
ing active ray source. Hence, any ink drop jetted 

55 from any one of the heads starts setting by the irra- 
diation of the active rays within a specified range of 
time after landing on the recording medium; there- 
fore, ink drops do not spread on the recording me- 
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dium, and what is called a blur is prevented. Further, 
because the time interval from the landing of an ink 
drop to the irradiation by active rays does not vary 
from an ink drop from one head to that from another, 
the dispersion of the blur among the heads can be 5 
suppressed. Thus, a high-quality image can be ob- 
tained. 

(2) An ink jet printer as set forth in the structure (1) 
further comprising a mobile body being movable in 

the main scanning direction relatively to a recording 10 
medium and having the aforesaid plural heads and 
the aforesaid plural active ray sources arranged al- 
ternately in said main scanning direction. 

According to the structure (2), because the plu- 
ral heads and the plural active ray sources are pro- *5 
vided in the mobile body being movable in the main 
scanning direction relatively to a recording medium, 
this structure can be applied to an ink jet printer hav- 
ing a mechanism such thai the printer jels ink drops 
to a recording medium while it moves the heads in 20 
the main scanning direction. This structure can pro- 
vide a serial type ink jet printer. 

(3) An ink jet printer as set forth in the structure (2), 
wherein the aforesaid plural jet openings arc 
formed linearly along the sub-scanning direction 25 
which is substantially perpendiculartothe aforesaid 
main scanning direction. 

According to the structure (3), because the plu- 
ral jet openings are formed linearly along the sub- 
scanning direction, compared to a conventional 30 
technology shown in Fig. 9, the time interval from 
the landing of an ink drop on a recording medium 
to the irradiation by active rays becomes shorter. 
Thus, the spreading of ink drops is reduced. 

(4) The ink jet printer of the structure (2), wherein 35 
the intervals between each of the plurality of heads 
and each of the active ray sources neighboring to 
said each of the plurality of heads become equal to 
one another. 

According to the structure (4), since the inter- 40 
vals between each of the plurality of heads and 
each of the active ray sources neighboring to said 
each of the plurality of heads become equal to one 
another, any one of ink drops jetted from any one 
of the heads has approximately a definite time in- 45 
terval from the landing on a recording medium to 
the irradiation by active rays. And all the ink drops 
have approximately a definite degree of spreading 
on the recording medium; thus a higher image qual- 
ity can be obtained. so 

(5) An ink jet printer as set forth in the structure (2), 
wherein the aforesaid plural active ray sources arc 
arranged in such a way that the intervals between 
two neighboring active ray sources become equal 

to one another, the aforesaid plural heads are ar- 55 
ranged in such a way that the intervals between two 
neighboring heads become equal to one another, 
and the aforesaid mobile body is controlled so as to 




move at a constant speed in the range of image for- 
mation. 

According to the structure (5), because the in- 
tervals between two neighboring active ray sources 
and the intervals between two neighboring heads 
both fall within a specified distance, and the mobile 
body moves at a constant speed in the range of im- 
age formation, any one of ink drops jetted from any 
one of the heads has approximately a definite time 
interval from the landing on a recording medium to 
the irradiation by active rays. Thus, although there 
is a little difference depending on the position of the 
jet openings of the heads, the time required for 
hardening becomes equalized approximately, and 
all the ink drops have approximately a definite de- 
gree of spreading on the recording medium; thus a 
higher image quality can be obtained. 

(6) An ink jet printer as set forth in the structure (2), 
wherein said ink jet printer is controlled so as to jet 
ink drops from the aforesaid jet openings and emit 
the aforesaid active rays during the movement of 
the aforesaid mobile body. 

According to the structure (6), an ink drop land- 
ed on a recording medium is irradiated by active 
rays from an active ray source immediately after the 
landing. Hence, the ink drop does not spread on the 
recording medium : and what is called a blur is pre- 
vented; thus, a high-quality image can be obtained. 

(7) An ink jet printer as set forth in the structure (1 ), 
wherein the aforesaid plural heads and the afore- 
said plural active ray sources are alternately ar- 
ranged in the sub-scanning direction relatively to a 
recording medium. 

According to the structure (7), this invention 
can be applied to an ink jet printer having a head of 
the same length as the length in the main scanning 
direction of a recording medium, what is called a 
line head. 

(8) An ink jet printer as set forth in the structure (7), 
wherein the aforesaid plural jet openings are 
formed linearly along the main scanning direction 
which is substantially perpendicularto the aforesaid 
sub-scanning direction. 

According to the structure (8), because the plu- 
ral jet openings are formed linearly along the main 
scanning direction., in an ink jet printer using what 
is called a line head, the lime interval from the land- 
ing of an ink drop to the irradiation by active rays 
becomes short. Thus, the spreading of ink drops is 
reduced. 

(9) The ink jet printer of the structure (7), wherein 
the intervals between each of the plurality of heads 
and each of the active ray sources neighboring to 
said each of the plurality of heads become equal to 
one another. 

According to the structure (9), since the inter- 
vals between each of the plurality of heads and 
each of the active ray sources neighboring to said 
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each of the plurality of heads become equal to one 
another, any one of ink drops jetted from any one 
of the heads has approximately a definite time in- 
terval from the landing on a recording medium to 
the irradiation by active rays. And all the ink drops 5 
have approximately a definite degree of spreading 
on the recording medium; thus a higher image qual- 
ity can be obtained. 

(10) An ink jet printer as set forth in the structure 
(7), wherein the aforesaid plural active ray sources 10 
are arranged to have equal intervals between two 
neighboring active ray sources, and the aforesaid 
plural heads are arranged to have equal intervals 
between two neighboring heads. 

According to the structure (10), because the in- '5 
tervals between two neighboring active ray sources 
and the intervals between two neighboring heads 
both fall within a specified distance, for an ink drop 
jelled from any one of Ihe heads of what is called a 
line head type, the time interval from the landing of 20 
an ink drop on a recording medium to the irradiation 
by active rays becomes approximately constant. 
Thus, the time required for hardening is made ap- 
proximately equalized, and any ink drop has ap- 
proximately a definite degree of spreading on a re- 25 
cording medium; thus, a higher image quality can 
be obtained. 

(11) An ink jet printer as set forth in the structure (1), 
wherein the time interval from the landing of an ink 
drop which is jetted from any one of the aforesaid 30 
plural heads to the irradiation by active rays emitted 

at first by any one of the aforesaid active ray sourc- 
es, from whichever head the ink drop is jetted, falls 
within a specified range of time. 

According to the structure (11), for ink drops, 35 
from whichever head they are jetted, because the 
dispersion of the time up to the irradiation by active 
rays becomes small, the degree of spreading of the 
ink drops on a recording medium becomes approx- 
imately equal to one another, and the degree of 40 
what is called a blur becomes approximately con- 
stant: thus, a high-quality image can be obtained. 

(12) The ink jet printer of the structure (1), further 
comprising a transporting mechanism for transport- 
ing the recording medium in a sub-scanning direc- 45 
tion. 

According lo the structure (12), il becomes pos- 
sible to form an image on the recording medium by 
transporting the recording medium. 

(13) The ink jet printer of the structure (1), wherein 50 
the plurality of heads are heads for forming a full 
color imago. 

According to the structure (13), since uneven- 
ness and blur of each color ink can be prevented in 
the course of color image forming, a high quality full 55 
color image without undesired color mixing can be 
obtained. 

(1 4) An ink jet printer for forming an image on a re- 




cording medium with an active-ray-setting ink which 
is hardened by the irradiation of the active rays com- 
prising 

a mobile body being movable in the main scan- 
ning direction relatively to a recording medium, 
an active ray source provided on said mobile 
body for applying said active rays to a recording 
medium, and 

a plurality of lines of jet openings, each line hav- 
ing a plurality of jet openings, arranged at both 
the sides of said active ray source in said main 
scanning direction for jetting said active-ray- 
setting ink as ink drops towards a recording me- 
dium. 

According to the structure (14), because a line 
of jet openings is arranged at each of both sides of 
the aclive ray source, in the case when this inven- 
tion is applied to an ink jet printer of a type such that 
the printer jets ink drops at the time of moving for- 
ward and at the time of moving backward, for an ink 
drop jetted at either of both the times, hardening be- 
gins by the irradiation- of active rays within a speci- 
fied range of time after the landing. Hence, inde- 
pendently of the time of jetting, the spreading of ink 
drops on a recording medium can be suppressed, 
and what is called a blur can be prevented; thus, a 
high-quality image can be obtained. 

(1 5) An ink jet head comprising: a plurality of lines 
of jet openings, each line having a plurality of jet 
openings, arranged linearly on different lines re- 
spectively for jetting an active-ray-setting ink which 
is hardened by the irradiation of active rays as ink 
drops, and an active ray source provided between 
said plurality of lines of jet openings for emitting ac- 
tive rays. 

According to the structure (15), if this ink jet 
head is applied to an ink jet printer, because an ink 
drop landed on a recording medium is irradiated by 
active rays immediately after the landing, a high- 
quality image can be obtained. 

(1 6) An image forming method forforming an image 
on a recording medium with an active-ray-setting 
ink, which is hardened by an irradiation of active 
rays, comprising: 

jetting the active-ray-setting ink as ink drops 
from a plurality of heads towards the recording 
medium; and 

irradiating ink drops landed on the recording 
medium with the active rays : after the jetting 
process, 

wherein the time interval after an ink drop is 
landed on the recording medium by the jetting proc- 
ess up to the time the ink drop is irradiated by the 
active rays in the irradiating process is approxi- 
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mately the same for the ink drop jetted from any of 
the plurality of heads. 

According to the structure (1 6), since the inter- 
vals between each of the plurality of heads and 
each of the active ray sources neighboring to said 
each of the plurality of heads become equal to one 
another, any one of ink drops jetted from any one 
of the- heads has approximately a definite time in- 
terval from the landing on a recording medium to 
.the irradiation by active rays. And all the ink drops 
have approximately a definite degree of spreading 
on the recording medium; thus a higher image qual- 
ity can be obtained. 

(.17) The image forming method of the structure 

(16) , wherein the time interval after an ink drop is 
landed on the recording medium by the jetting proc- 
ess up to the time the ink drop is irradiated by the 
active rays in the irradiating process is controlled to 
become 0.001 second Lo 0.4 second for Ihe ink drop 
jetted from any of the plurality of heads. 

According to the structure (1 7), because an ink 
drop landed on a recording medium is immediately 
irradiated by active rays, the spreading of ink drops 
on a recording medium can be suppressed; and the 
blur of ink can be prevented. Hence, a high-quality 
image can be obtained. 

(18) The image forming method of the structure 

(17) , wherein the time interval after an ink drop is 
landed on the recording medium by the jetting proc- 
ess up to the time the ink drop is irradiated by the 
active rays in the irradiating process is controlled to 
become 0.005 second to 0.2 second for the ink drop 
jetted from any of the plurality of heads. 

[0010] According to the structure (18), because the 
spreading of ink drops on a recording medium can be 
suppressed more sufficiently, the blur of ink can be bet- 
ter prevented. Hence, a higher-quality image can be ob- 
tained. On the other hand, because the allowance for 
the lower limit value is broadened, the degree of free- 
dom in an image forming process is made greater. 
[0011] Further, the above-mentioned object can be 
accomplished by any one of the structures shown below. 
[001 2] (1 01 ) An ink jet printer for forming an image on 
a recording medium by jetting active-ray-setting ink 
drops to be hardened by the irradiation of active rays to 
a recording medium, comprising 

a mobile body being movable in the main scanning 
direction relatively to a recording medium, 
one or a plurality of heads provided on said mobile 
body having a plurality of jet openings for jetting an 
active-ray-setting ink as ink drops towards a record- 
ing medium, and 

one or a plurality of active ray sources for emitting 
active rays towards a recording medium, character- 
ised by 

said active ray sources being arranged alternately 



with said heads in the main scanning direction. 

[0013] According to the structure (101), one or a plu- 
rality of heads are provided on a mobile body, and from 
5 the jet openings of each head, ink drops of an active- 
ray-setting ink are jetted. Because a plurality of active 
ray sources are arranged alternately for the heads with 
respect to the main scanning direction, an ink drop land- 
ed on a recording medium, from a jet opening of which- 
10 ever head it has been jetted, accompanied by the move- 
ment of the mobile body, is immediately irradiated by 
active rays from the active ray source adjacent to the 
head of jetting source. Hence, an ink drop jetted from a 
jet opening of any one of the heads is irradiated by active 
15 rays within a specified range of time after it is landed on 
a recording medium, to start to be hardened; therefore, 
ink drops do not spread on a recording medium, and 
what is called a blurcan be prevented. Thus, this inven- 
tion exhibils an erfeel lo make il possible lo obtain a 
high-quality image. 

[0014] Further, because a plurality of active ray sourc- 
es and a plurality of heads are alternately arranged in 
the main scanning direction, the time interval after an 
ink drop jetted from one head is landed on a recording 
medium up to the time it is irradiated by the active rays 
from the neighboring active ray source is approximately 
equal to the time interval after an ink drop jetted from 
another head is landed on the recording medium up to 
the time it is irradiated by active rays from the neighbor- 
ing active ray source. Further, compared to a conven- 
tional example shown in Fig. 9, because the time interval 
from the landing of an ink drop up to the irradiation by 
active rays becomes shorter the blur of ink drops is re- 
duced. Hence, this invention exhibits an effect to make 
it possible to obtain a higher-quality image. 
[0015] In addition, the term "head" stands for a com- 
bination of jet openings (a group of jet openings) having 
a plurality of them. 

[0016] (102) An ink jet printer as set forth in the struc- 
ture (101), characterized by the aforesaid jet openings 
being formed linearly along the sub-scanning direction 
which is substantially perpendicular to the aforesaid 
main scanning direction in the aforesaid one or a plural- 
ity of heads. 

[0017] In the structure (1 02), because a plurality of jet 
openings arranged linearly along the sub-scanning di- 
reclion in a head, compared lo a conventional one 
shown in Fig. 9, the time interval from the landing of an 
ink drop up to the irradiation by active rays becomes 
shorter: therefore, the blur of ink drops is reduced. Fur- 
ther, the length of the head in the main scanning direc- 
tion is reduced shorter than the structure (1 ), the blur of 
ink drops is more reduced. Hence, this invention exhibits 
an effect to make it possible to obtain a higher-quality 
image. 

[0018] (103) An ink jet printer as set forth in the struc- 
ture (101) or (102), characterised by it that the intervals 
between neighboring two of the aforesaid active ray 
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sources are all equal to one another, and the Intervals 
between neighboring two of the aforesaid heads are all 
equal to one another, and the aforesaid mobile body 
moves at a constant speed in the image formation 
range. 

[001 9] According to the structure (1 03), the intervals 
between two neighboring active ray sources are ail 
equal to one another, and the intervals between two 
neighboring heads are all equal to one another, the dis- 
tance from one to the other of any combination of an 
active ray source and a head neighboring to each other 
falls within a specified range, and the mobile body 
moves at a constant speed; therefore, for jetted ink 
drops, from whichever jet opening they are jetted, the 
time interval from the landing to the irradiation is approx- 
imately constant. Hence, landed ink drops, from which- 
ever head they are jetted, have approximately the same 
degree of spreading. Further, compared to the conven- 
tional example shown in Fig. 9, Tor an ink drop, the lime 
inteival from the landing to the irradiation by active rays 
becomes shorter; therefore, the blur of the ink drop is 
reduced. Further, the length of the heads in the main 
scanning direction becomes shorter than that of the 
structure (101), the blur of ink drops is more reduced. 
Hence, this invention exhibits an effect to make it pos- 
sible to obtain a higher-quality image. 
[0020] (1 04) An ink jet printer as set forth in the struc- 
ture (101), characterized by it that the time interval from 
the landing of an ink drop jetted from a head on a re- 
cording medium to the irradiation by the active rays emit- 
ted from the neighboring active ray source located at the 
rear side in the direction of said head moving in the main 
scanning direction with the movement of the aforesaid 
mobile body falls within a range of time for a jet opening 
of any head. 

[0021 ] In the structure (1 04), compared to the conven- 
tional example shown in Fig. 9, for an ink drop, the time 
interval from the landing to the irradiation by active rays 
becomes shorter; therefore, the blur of the ink drop is 
reduced. Further, the length of the heads in the main 
scanning direction becomes shorter than that of the 
structure (101), the blur of ink drops is more reduced. 
Hence, this invention exhibits an effect to make it pos- 
sible to obtain a higher-quality image. 
[0022] (1 05) An ink jet printer as set forth in any one 
of the structures (1 01 ) to (1 04), characterized by it that 
an image is formed in such a way thai ink drops are jet- 
ted from the aforesaid jet openings during the move- 
ment of the aforesaid mobile body. 
[0023] In the structure (105), because ink drops are 
jetted from the jet openings during the movement of the 
mobile body, the ink drops landed on a recording medi- 
um are irradiated by the active rays from the active ray 
source immediately after the jetting. Hence, the ink 
drops do not spread on the recording medium, and what 
is called a blur is prevented. Thus, this invention exhibits 
an effect to make it possible to obtain a high-quality im- 
age. 



566 A2 




[0024] (1 06) An ink jet printer for forming an image on 
a recording medium by jetting active- ray-setting ink 
drops to be hardened by the irradiation of active rays to 
a recording medium, characterized by it that 

5 

an active ray source for applying active rays for set- 
ting to ink drops is provided on a mobile body to be 
moved in the main scanning direction relatively to a 
recording medium, and 
10 a line of jet openings for jetting an active-ray-setting 
ink as ink drops towards a recording medium is pro- 
vided at either of the sides of said active ray source. 

[0025] In the structure (106), because a line of jet 
15 openings is provided at either of the sides of the active 
ray source, an ink drop, from a jet opening of whichever 
head it is jetted, is immediately irradiated by the active 
rays from the active ray source, accompanied by the 
movement o\ the mobile body. Hence, an ink drop jelled 
20 from a jet opening of any head is irradiated by active 
rays within a specified range of time after it is landed on 
a recording medium to start setting; therefore, ink drops 
do not spread on the recording medium, and what is 
called a blur is prevented. Thus, this invention exhibits 
25 an effect to make it possible to obtain a high-quality im- 
age. 

[0026] (1 07) An ink jet head comprising 

jet openings arranged linearly for jetting an active- 
30 ray-setting ink to be hardened by the irradiation of 
active rays as ink drops towards a recording medi- 
um, and 

an active ray source for emitting active rays towards 
a recording medium, characterized by it that 
35 as regards said jet openings linearly arranged, a 
plurality of them are formed, and said active ray 
source is disposed between a line of said jet open- 
ings and the neighboring one. 

40 [0027] In the structure (107), because an active ray 
source is disposed between a line of said jet openings 
and the neighboring one, ink drops jetted are irradiated 
immediately after the landing on a recording medium by 
the active rays from the active ray source. Thus, this in- 

45 vention exhibits an effect to make it possible to obtain a 
high-quality image. 

[0028] (108) An image forming meLhod comprising 

a jetting process for jetting active-ray-setting ink 
50 drops to be hardened by the irradiation of active 
rays as ink drops to a recording medium, and 
an irradiation process for irradiating ink drops land- 
ed on a recording medium by active rays, charac- 
terized by the time interval from the jetting of an ink 
55 drop to the irradiation being controlled so as to fall 
within a range of 0.0001 second to 0.4 second. 

[0029] (1 09) An image forming method-as set forth in 
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the structure (108), characterized by the time interval 
from the jetting of an ink drop to the irradiation being 
controlled desirably so as to fall within a range of 0.0005 
second to 0.2 second. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Fig. 1 is a perspective view showing the essential 
part of an ink jet printer to which this invention is 
applied; 

Fig. 2 is the bottom view showing as an outline a 
carriage provided in the above-mentioned ink jet 
printer; 

Figs. 3(a) and 3(b) are drawings showing as an out- 
line a head provided in the above-mentioned car- 
riage and light sources arranged at both the sides 
respectively; 

Fig. 4 is the bottom view showing as an outline a 
carriage of an example other than the above-men- 
tioned carriage; 

Figs. 5(a) and 5(b) are drawings showing as an out- 
lino a head of an example other than the above- 
mentioned head; 

Fig. 6 is the bottom view showing as an outline a 
head of an example other than the above-men- 
tioned heads; 

Figs. 7(a) and 7(b) are the front views showing a 
head of an example other than the above-men- 
tioned heads as an outline, and in Fig. 7(a) and Fig. 
7(b), a part of the head is shown in an exploded way; 
Fig. 8 is an outline drawing of an ink jet printer hav- 
ing a line-type head; and 

Fig. 9 is the plan showing the essential part of a con- 
. ventional ink jet printer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0031] In the following, concerning this invention, the 
concrete modes will be explained with reference to the 
drawings. However, the scope of the invention is not to 
be limited to the examples shown in the drawings. 
[0032] In Fig. 1 , a serial type ink jet printer 1 is shown. 
[0033] The ink jet printer 1 jets a UV ink (an ultraviolet- 
ray-selling ink) having a nature lo be hardened by the 
irradiation of ultraviolet rays as drops (hereinafter re- 
ferred to as "ink drops") towards a recording medium 
99, and carries out an ultraviolet ray irradiation after the 
landing of the ink drops, to practice an image formation 
on the recording medium 99. In the explanation to be 
given below, a UV ink is adopted for an active-ray-set- 
ting ink; however, it is also appropriate to use ah ink hav- 
ing a nature to be activated and hardened by active rays 
such as infrared rays, visible rays, electron rays, and X- 
rays. The above-mentioned active rays means active 
rays in a broad sense. That is, active rays taken in this 



specification means not only ones having a capability of 
ionizing air but also electromagnetic waves such as ul- 
traviolet rays, visible rays, and infrared rays. In short, 
active rays are such as to activate and harden an ink. 
5 Further, for the material of the recording medium 99. res- 
in, paper, or some other material on which an image can 
be formed by the printer 1 can be appropriately used. 
[0034] The ink jet printer 1 is equipped with a flat 
board platen and a transport mechanism(not shown) for 
10 transporting a sheet-shaped recording medium 99 in the 
sub-scanning direction B, a guide member 2 disposed 
lengthwise in the main scanning direction A which is ap- 
proximately perpendicular to the sub-scanning direction 
B, a carriage 3 which is a mobile body to be moved in 
75 the main scanning direction A along the guide member 
2 guided by the guide member 2, a plurality of ink jet 
heads mounted on the carriage 3 (hereinafter referred 
to as "heads" simply) 4, 4 : — for jetting ink drops of UV 
inks, a plurality or UV lighl sources (active lay sources) 
20 5 ( 5, — (shown in Fig. 2, etc.) for emitting ultraviolet rays, 
a plurality of ink tanks 6, 6, — arranged under the car- 
riage 3 for storing the UV inks, an ink supply paths 7 for 
supplying the UV inks from the ink tanks 6 to the heads 
4, pressure varying pumps 8 provided respectively at 
25 the ink tanks 6, etc. 

[0035] The above-mentioned transport mechanism 
has a function to transport the recording medium 99 in 
the transporting direction (reverse to the sub-scanning 
direction) in accordance with the operation of the car- 
30 riage 3; to state it concretely, a function to transport the 
recording medium intermittently, that is, also a function 
to repeat the stop and transport of the recordingmedium 
99. 

[0036] As the recording medium 99, one composed 
35 of a material usually used for an ordinary ink-jet printer 
such as various kinds of paper, clothe and unwoven fab- 
ric, resin, metal and glass can be applied. The recording 
medium may be used in a form of a roll, a cut sheet or 
a plate. 

40 [0037] Transparent or opaque non-absorbent resin 
film usually used for soft packaging is preferably applied 
for the recording medium 99 to be used in the embodi- 
ment of the invention. Concrete examples of the resin 
usable for the resin film include poly(ethylene tereph- 
45 thalate), polyester, polyolefin, polyamide, polyestera- 
mide, polyether, polyimide, polyamideimide, polysty- 
rene, polycarbonate, poly-Qphenylene sulfide, poly 
(ether ester), polyvinyl chloride, poly(metha)acrylate, 
polyethylene, polypropylene and nylon. Moreover, a co- 
50 polymer, mixture and cross-linked substance of such the 
resins are also usable. Among them, a stretched poly 
(ethylene tcrcphthalatc) film, a polystyrene film, a poly- 
propylene film and a nylon film are preferable from the 
viewpoint of the transparency, the dimension stability, 
55 the stiffness, the environmental load's and the cost. The 
resin film with a thickness of from 2 \xrr\ to 100 um is 
preferably used. The use of the resin film with a thick- 
ness of from 6 um to 50 um, is more preferable. A sur- 
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face treatment such as a corona discharge treatment or 
an adhesiveness increasing treatment may be applied 
to the surface of the resin film. 
[0038] Known opaque recording media such as vari- 
ous kinds of paper coated with resin, a film containing 5 
a pigment and a foamed film are further usable. 
[0039] The carriage 3 moves back and forth in the 
main scanning direction A along the guide member 2 in 
accordance with the intermittent transport by the trans- 
porting mechanism of the recording medium 99; to state 10 
it concretely, it moves forward, moves backward, or 
moves forward and backward in the main scanning di- 
rection A while the recording medium is stopped. Fur- 
ther, the carriage 3 moves at an approximately constant 
speed in the image formation range (that is, directly 15 
above the recording medium 99), while it moves out of 
the image formation range up to the end of the move- 
ment range (in other words, the turning end), it moves 
in a decelerated way, and while it moves, afler turning 
at the turning end, up to the image formation range, it 20 
moves in an accelerated way. For example, in the case 
of the example of Fig. 1 , the carriage 3 moves in an ac- 
celerated way from the left end of the movement range 
to the directly upside position of the recording medium 
99, it moves at a constant speed from left to right directly 25 
above the recording medium 99, it moves in a deceler- 
ated way from the end position of the range directly 
above the recording medium 99 to the right end position, 
it moves in an accelerated way after it turns at the right 
end and until it is positioned directly above the recording 30 
medium 99, it moves at a constant speed from right to 
left directly above the recording medium, and it moves 
in a decelerated way after it comes out of the range di- 
rectly above the recording medium 99 until it is posi- 
tioned at the left end of the movement range. 35 
[0040] In the carnage 3, there are provided a plurality 
of heads 4, 4, — . Inside the heads 4, there is provided 
a jetting means (drawing is omitted) such as a piezoe- 
lectric element. The head 4 jets ink drops from the jet 
openings (to be described in detail later) by the action <*o 
of the jetting means. For the colors of the inks to be used 
in the ink jet printer 1 , yellow (T), magenta (M). cyan (C), 
and black (K) are used as the basic ones, and in addition 
to these, white (W), light yellow (LY), light magenta (LM), 
light cyan (LC), light black (LB), etc. are used. Further, ^ 
it is also allowed to use special colors such as blue, red, 
green, gold, and silver for the UV inks lo be used in the 
ink jet printer 1 . From one of the heads 4, UV ink drops 
having one of these colors are jetted. Further, basically 
ink drops of the UV inks of different colors for the re- so 
spective heads 4 are jetted, but it is also possible to jet 
ink drops of the UV inks of the same color from two or 
more heads 4. 

[0041] The ink tanks 6, 6, — are cartridges which are 
able to be replaced, and in each of the ink tanks 6, an 55 
UV ink of one of the colors is stored. In other words, in 
each of the ink tanks 6, a UV ink of some one color 
among the several kinds of color is stored. Basically, UV 
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inks of different colors are stored in the respective ink 
tanks 6, but it is also possible that UV inks of the same 
color are stored in two or more ink tanks 6. Besides, 
each of the UV inks stored in each UV tank 6 is com- 
posed of the pigment corresponding to the color, and on 
top of it, a monomer (an oligomer), photochemical reac- 
tion initiator, etc.. and has a property to set by. the bridg- 
ing and polymerization reaction of the monomer caused 
by the action of the photochemical reaction initiator as 
a catalyst irradiated by ultraviolet rays. 
[0042] As the ink to be charged into these ink tanks 
6, 6 a material is usable which is suiting to "the hard- 
ening system utilizing an acid/base photo-generating 
agent" or "the photo-induction type alternately polymer- 
ization" each described in the first and second para- 
graphs, respectively, of "the photo hardening system" in 
Section 4 of "Photo hardening technology - Selection of 
Resin • Initiator, Mixing Condition and Measurement and 
Evaluation of Hardened Degree", Technological Asso- 
ciation Information. A material to be hardened by radical 
polymerization or cationic polymerization may also be 
used. 

[0043] In concrete, the UV ink to be used in the em- 
bodiment of the invention is an ink hardcnable by irra- 
diation of ultraviolet rays as the active rays. The ink con- 
tains at least a pigment or colorant of the required color, 
a polymerizable compound so usually called as a mon- 
omer including a known polymerizable compound and 
a photo reaction initiator as the principal components. 
The UV ink having such the composition is hardened by 
the cross linking or polymerization reaction of the mon- 
omer caused by the effect of the photo reaction initiator 
when the initiator is irradiated by UV rays. When the ink 
suiting "the photo inducing type alternative polymeriza- 
tion" is used, the photo reaction initiator may be omitted. 
[0044] The ultraviolet ray hardenable ink is roughly 
classified into a radical hardenable ink containing a rad- 
ical polymerizable compound and a cationic hardenable 
ink containing a cationic polymerizable compound. Both 
of the types of the ink can be applied to the embodiment 
of the invention. A hybrid type ink in which the radical 
hardenable ink and the cationic hardenable in are com- 
bined may also be applied to the embodiment of the in- 
vention. 

[0045] However, the cationic hardenable ink is partic- 
ularly used in the embodiment of the invention since the 
cationic hardenable ink is superior in the function and 
the wide usability, which is difficultly incurred the polym- 
erization hindrance by oxygen. The cationic hardenable 
ink to be used in the embodiment of the invention is a 
mixture of at least a cationic polymerizable compound 
such as an oxctanc compound, an epoxy compound, a 
vinyl ether compound and a vinyl ether compound, a 
photo reaction initiator and a colorant, which is hard- 
ened by the irradiation of ultraviolet- rays. 
[0046] The ink supply paths 7 lead from the ink tanks 
6, 6. — to the heads 4, 4, — for the respective colors, 
and through the ink paths 7, UV inks of the respective 
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colors are supplied from the ink tanks 6 to the heads 4 
connected to the corresponding ink tanks 6. In other 
words, the color of a UV ink stored in any one of the ink 
tanks 6 is the same as the ink drops jetted from the 
heads 4 leading to the ink tank 6 through the ink supply 
path 7. Further, the ink supply paths 7 are formed of a 
flexible material in order to be able to comply with the 
movement of the-carriage 3. 

[0047] Further in the ink supply paths 7, there are pro- 
vided a plurality of pressure varying pumps 8, 8, — . By 
the changing of the internal pressure of the ink supply 
patrr7 which leads from the ink tank 6 to the head 4 
caused by the pressure varying pump 8, the amount of 
ink supply from the ink tank 6 to the head is changed. 
[0048] Now, the carriage 3 will be explained in detail. 
[0049] In Fig. 2, the bottom view of the carriage 3 is 
shown. As shown in Fig. 2, on the carriage 3, there are 
provided the heads 4, 4, — as described in the above, 
and on lop of lhese s the UV light sources 5, 5, — are 
also provided. The heads 4, 4, — are arranged in a line 
at equal intervals in the main scanning direction. That 
is, the straight line connecting the heads 4, 4, — is par- 
allel to the main scanning direction A, and the intervals 
between two neighboring heads 4 arc all the same. Also 
the UV light sources 5, 5, — are arranged in a line in the 
main scanning direction A at equal intervals. Further, be- 
tween two UU light sources 5 and 5, one head 4 is lo- 
cated; thus, the heads 4 and the UV light sources 5 are 
arranged alternately in the main scanning direction A. 
In other words, at each of both the sides of any one of 
the UV light sources, one head 4 is disposed. 
[0050] In a line composed of these heads 4, 4, — and 
UV light sources 5, 5, — , in order to apply UV rays to all 
ink drops regardless of the moving direction of the car- 
riage 3, at both the ends in the main scanning direction 
A, one UV light source is located. Further, the distance 
between one of the heads 4 and its one neighboring UV 
light source "a" may be unequal to the distance between 
the heads and the other neighboring UV light source 
"b", but the distance u a M should desirably be equal to 
the distance M b M . In the case where the distance "a" and 
the distance "b" are equal to each other, it can be said 
that the heads 4 and the UV light sources 5 are arrayed 
alternately and at equal intervals in a straight line. In ad- 
dition, the basic point in the heads 4 (the reference point 
for representing the distances "a" and "b") is defined 
to be the posilion of the jel openings, or in the case of 
plural lines of jet openings, the central position of those 
lines of jet openings with respect to the main scanning 
direction A. Besides, in Fig. 2, the signs attached to the 
heads 4 stands for the respective colors of ink drops to 
be jetted, but the arrangement of the colors is not limited 
to the example shown in Fig. 2. 
[0051] Now, the head 4 and the UV light source 5 will 
be explained in detail. 

[0052] In Fig. 3(a), the bottom view of one head 4 and 
two UV light sources 5 and 5 arranged at both the neigh- 
boring positions, and in Fig. 3(b), the front view of this 



head 4 and these UV light sources 5 and 5 as seen in 
the sub-scanning direction B. 

[0053] As shown in Fig. 3, in each head 4, there is 
provided a nozzle plate 4a to make up the bottom of this 

5 head 4. In the nozzle plate 4a, a plurality of jet openings 
4b, 4b, — leading from the internal space of the head 4 
to its outside are formed. The jet openings 4b, 4b, — 
are arrayed in a straight line in the sub-scanning direc- 
tion B. By the action of a jetting means such as a piezo- 

10 electric element of each jet opening 4b, an ink drop from 
said jet opening 4b is supposed to be jetted. Further, to 
the internal space of the head 4, a UV ink is supplied 
from the ink tank 6, and it is needless to say that the 
color of the ink drops jetted from the respective jet open- 

15 jngs are all the same, because this internal space is 
common to all jet openings 4b, 4b, 
[0054] The UV light source 5 is made up of a UV ray 
lamp for emitting ultraviolet rays in a specified wave- 
length region (lor example, a wavelength of .250 nm) 

20 with a stabilized energy, etc. The wavelength of the ul- 
traviolet rays emitted from the UV light source 5 and the 
irradiation strength are suitably determined in accord- 
ance with the material of the recording medium 99 and 
the kind of the UV ink; for example, it is possible to dc- 

25 termine the emission strength to be 1 00 mW/cm 2 [or 1 00 
mJ/cm 2 ]. For the ultraviolet ray lamp, an LED (a Light 
Emitting Diode), a fluorescent lamp, a high-pressure 
mercury lamp, a metal halide lamp, a high-pressure 
mercury spot lamp, a xenon lamp, etc. can be used. 

30 [0055] Further in order not to expose the head 4 to 
the ultraviolet rays emitted from the UV light source 5, 
the UV light source 5 is covered with a shading cover 9 
over the upper side. On the other hand, the recording 
medium 99 is exposed to the ultraviolet rays emitted 

35 from the UV light source 5. The length of the UV light 
source 5 in the sub-scanning direction B is longer than 
or approximately equal to the length of the head 4 in the 
sub-scanning direction B (the total width covering the 
plural jet openings 4b, 4b. — ). Further, in this example 

40 of the embodiment, the diameter <|> of the UV light source 
5 is 5 mm. but it is not necessary to make it 5 mm. In 
addition, as regards the UV light source 5, it is possible 
to change the wavelength of the ultraviolet rays to be 
emitted and the emission energy in accordance with the 

45 material of the recording medium 99 and the kind of the 
UV ink. 

[0056] Further, in this example of the embodiment Ihe 
UV light source 5 itself is disposed at the side of the 
head 4 as shown in Fig. 3, but in the case where ultra- 

50 violet rays are applied through a light conductor such as 
an optical fiber, it is unnecessary to move what is called 
"a light source (light emission unit)" itself in parallel with 
the head 4 as a united body. In this case, the term "an 
active light source" used in this invention represents the 

55 end portion of the optical fiber provided at the carriage 
3 to be movable in parallel with the head 4 as a united 
body; the ultraviolet rays from what is called "a light 
source" provided apart from the carriage 3- is conducted 
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through the optical fiber, and irradiates the downward 
area from between the heads 4 and 4. Hence, the end 
portions of the optical fibers as seen from the lower side 
are arranged like the UV sources, as shown in Fig. 2. 
[0057] Next, the operation of the ink jet printer 1 hav- 
ing a structure as described in the above, and an image 
formation method by the ink jet printer 1 will be ex- 
plained. 

[0058] During the operation of the ink jet printer 1 , ul- 
traviolet rays are emitted from the UV light source 5, and 
the recording medium 99 is irradiated by the ultraviolet 
rays. Further, the ink jet printer 1 transports the record- 
ing medium intermittently in the sub-scanning direction 
B. Now, while the recording medium 99 is stopped, the 
carriage 3 moves at least forward in the main scanning 
direction A. or moves backward also, and it makes a 
constant-speed movement in the image formation 
range, that Is, in the range directly above the recording 
medium 99. Then, during the movement of the carriage 
3 in the image formation range, each head 4 jets ink 
drops from the jet openings 4b, 4b, — , and the jetted ink 
drops are landed on the recording medium 99. The land- 
ed ink drops are hardened by the irradiation of the ultra- 
violet rays emitted from the UV light source 5 located at 
the rear side of the head 4 moving in the main scanning 
direction. 

[0059] In the case of that the ink droplet is ejected onto 
the non-absorbent plastic film such as poly(ethylene 
terephthalate) film, the ink droplet is largely spread and 
the image quality is lowered when the ink is stood for an 
excessive duration inthe unhardened state after landing 
the ink droplet onto the film. For obtaining a uniform and 
high quality image, it is preferred to irradiate ultraviolet 
rays to the ink droplet within the certain duration after 
the landing of the ink droplet. It has been found as a 
result of investigation on the duration from the landing 
of the ink droplet to the irradiation of ultraviolet rays that 
the image with a desired uniform and high quality can 
be obtained when the duration is from 0.001 to o.4 sec- 
onds, preferably from 0.005 to 0.2 seconds. 
[0060] Incidentally, the time interval after an ink drop 
is jetted from the jet opening 4b of the head 4 until it is 
irradiated by the neighboring UV light source located at 
the rear side of the head in its moving direction is con- 
trolled to be 0.001 second to 0.4 second, and desirably 
0.005 second to 0.2 second. Incidentally, irradiation 
means in the present specification as Ihe irradiation of 
rays having the illuminance of not less than 0.1 mW/ 
cm2. Wherein, the illuminance is defined as the illumi- 
nance measured by the Spectro-radiometer USR-40 
(made by USHIO INC.) at wavelength of 220 - 450 nm. 
[0061] In this case, because the heads 4 and the UV 
light sources are arranged alternately at equal intervals, 
by the controlling of the moving speed of the carriage 3, 
it is possible to control the time-interval from the jetting 
to the irradiation to become the same for all the heads 
4. Besides, the time interval after an ink drop is jetted 
from the jet opening 4b of the head 4 until it is irradiated 



by ultraviolet rays from the neighboring UV light source 
5 accompanied by the movement of the carriage 3 falls 
within a specified range of time for the jet openings 4b 
of any head 4. In addition, "landing" of an ink drop means 
5 the moment when the ink drop becomes in contact with 
the recording medium 99 and the timing is defined as 
landing timing. 

[0062] In the case where an jnk is jetted on a plastic 
film having a non-absorption property such as a PET 
10 film, with the passage of time not shorterthan a certain 
time in the state of not being hardened afterthe landing, 
the blur of ink drops becomes larger, which degrades 
the image quality. In order to obtain a uniform and high- 
quality image to cope with the variety of recording me- 
75 dia, it is desirable to carry out light irradiation for the ink 
drops within a definite time after landing to harden the 
ink. Therefore, the time interval from the landing of an 
ink drop to the light irradiation was investigated; as the 
result, it was found thalso long as the lime interval came 
within a range of 0.0001 second to 0.4 second, and de- 
sirably 0.005 second to 0.2 second, a uniform and high- 
quality image could be obtained for any recording me- 
dium used. 

[0063] The ink jet printer 1, after having carried out 
several times suitably the forward and backward move- 
ment of the carriage 3, the jetting of ink drops, and the 
irradiation of the ink drops, transports the recording me- 
dium 99 by a specified distance in the sub-scanning di- 
rection by the transport mechanism. Then, when the re- 
cording medium is again stopped, the ink jet printer 1 
again carries out the forward movement or the backward 
movement of the carriage 3, the jetting of ink drops, and 
the irradiation for the ink drops. After this, by the ink jet 
printer 1 repeating the above-mentioned operation, an 
image is formed on the recording medium 99. In addi- 
tion, because the UV light sources 5 are covered with 
the shading cover 9, it never occurs that the ink drops 
jetted from the heads 4 are hardened before they are 
landed on the recording medium 99, and on top of it, 
also it never occurs that some amount of UV ink remain- 
ing at the jet openings 4b of the heads 4 is hardened. 
[0064] In the ink jet printer 1, the intervals between 
two neighboring heads 4 and 4 are all the same, the in- 
terval between two neighboring UV light sources 5 and 
5 are all the same, and the heads 4 and the UV sources 
5 are arranged alternately in a straight line in the main 
scanning direction A, and further, the carriage 3 makes 
a constant-speed movement within the image formation 
range. Hence, the time interval after an ink drop jetted 
from the head 4 is landed on the recording medium 99 
until ultraviolet rays are emitted from the UV light source 
5 neighboring the head 4 (in Fig. 2, assuming that the 
carriage 3 is moving right, the UV light source 5 adjacent 
to the left side of the head 4 concerned) is the same for 
any ink drop jetted from any head 4. In other words, as- 
suming that the carriage 3 is moving right for example, 
to explain it with reference to Fig. 2, the time interval 
after an ink drop jetted from the rightmost head 4 (the 
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head 4 for jetting a UV ink drop of yellow) is landed on 
the recording medium 99 until it is irradiated by the UV 
light source 5 adjacent to the left side of the head 4 con- 
cerned, is equal to the time interval after an ink drop 
jetted from the leftmost head 4 (the head 4 for jetting a 
UV ink drop of light black) is landed on the recording 
medium 99 until it is irradiated by the UV light source 5 
adjacent to the left side of the head 4 concerned. This 
term "is equal to" means "is within a specified deviation 
of time from". 

[0065] Hence, for an ink drop jetted, from whichever 
head 4 it is jetted, the time interval from the landing to 
the irradiation by ultraviolet rays is approximately equal 
to a definite value, and time required for hardening is 
constant. Hence, for an ink drop jetted, from whichever 
head 4 it is jetted, the degree of spreading, that is. the 
degree of blur is approximately the same. 
[0066] Further, to remark any one head 4, because 
the jeL openings 4b, 4b, — are arrayed in a straight line 
in the sub-scanning direction and in parallel with the 
neighboring UV light source 5, for an ink drop jetted, 
from whichever jet opening 4b it is jetted, the time inter- 
val from the landing to the irradiation by ultraviolet rays 
has a definite value, and the time required for hardening 
has a definite value. Hence, for an ink drop jetted, from 
whichever jet opening 4b it is jetted, the degree of 
spreading, that is, the degree of blur is approximately 
the same. In other words, inthecasewherethejet open- 
ings 4b, 4b : — are arrayed as the head 4 shown in Fig. 
3, and the heads 4, 4, — are arranged as shown in Fig. 
2, the degree of blur becomes the same for all the dots 
(ink drops) in an image formed by the ink drops jetted 
form the jet openings 4b, 4b, — ; therefore, the quality 
of the image is stable. 

[0067] Further, because the UV light sources 5, 5, — 
and the heads 4, 4, — are alternately arranged in the 
main scanning direction A, an ink drop landed, from 
whichever head 4 it has been jetted, is immediately ir- 
radiated by the ultraviolet rays emitted from the UV light 
source 5 adjacent to the head 4. In the above, the term 
"immediately" means "sooner" compared to convention- 
al examples as shown in Fig. 9. Hence, because any ink 
drop jetted from any head 4 is hardened comparatively 
quickly after it is landed on a recording medium, it does 
not spread on the recording medium 99; thus, what is 
called a blur is prevented. Hence, by the ink jet printer 
1 . a very high-quality image can be formed. 
[0068] In addition, this invention is not to be limited to 
the above-mentioned examples of the embodiment, and 
within the scope not departing from the spirit of this in- 
vention, it is also appropriate to practice various kinds 
of improvement and modification of design. 
[0069] For example, in the above-mentioned exam- 
ples of the embodiment, there is one line composed of 
the plural heads 4, 4. — between two neighboring UV 
light sources 5 and 5; however, it is also possible to pro- 
vide a plurality of lines of heads in the main scanning 
direction A between two neighboring UV sources (for ex- 
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ample, it is also possible to provide a plurality of heads 
in a matrix-type arrangement on the carriage), and also 
in this case, in each line, UV light sources and heads 
are arranged alternately, or they are arranged in such a 

5 way that one line of UV light sources are disposed at 
every certain plural number of heads (lines of heads). 
Further, it is also possible that UV light sources in each 
line are such ones as to be common to all the lines. 
[0070] For example, it is also possible to provide a 

10 carnage 1 3 shown in Fig. 4 instead of the carriage 3 of 
the Inkjet printer 1 shown in Fig. 1. On the carriage 13, 
it is also possible that a plurality of heads 4, 4, — are 
disposed approximately in a matrix-type arrangement. 
[0071] [First line] Four heads 4 for jetting UV ink drops 

15 of white are arranged in a line in the main scanning di- 
rection A. 

[0072] [Second line] Eight heads 4 for jetting UV ink 
drops of yellow are arranged in a line in the main scan- 
ning direction A. 
20 [0073] [Third line] Eight heads 4 for jetting UV ink 
drops of magenta are arranged in a line in the main 
scanning direction A. 

[0074] [Fourth line] Eight heads 4 for jetting UV ink 
drops of cyan arc arranged in a line in the main scanning 
25 direction A. 

[0075] [Fifth line] Eight heads 4 for jetting UV ink drops 
of black are arranged in a line in the main scanning di- 
rection A. 

[0076] [Sixth line] Four heads 4 for jetting UV ink 
30 drops of white are arranged in a line in the main scan- 
ning direction A. 

[0077] In any one of the first to sixth lines, the heads 
4 and the UV light sources 5 are arrayed alternately in 
the main scanning direction A, and for the purpose of 
35 making a forward-and-backward scanning, a UV light 
source 5 is provided at each of both the end positions 
in the main scanning direction A. Further, the UV light 
sources 5 are used in common to the heads of white, 
yellow, magenta, cyan, and black. 
40 [0078] Further, in the above-mentioned examples of 
the embodiment, UV inks are employed for the active- 
ray-setting inks, but the active- ray-setting inks are not 
limited to UV inks, and for example, it is also appropriate 
to employ electron- ray-setting inks for the active-ray- 
45 setting inks. In the case of irradiation by electron rays, 
it is known that polymerization of a monomer (an oli- 
gomer) does not need a photochemical catalyst such as 
a photochemical reaction initiator, and proceeds 
through a radical reaction. Therefore, for the electron- 
ic ray-setting inks, ones including a pigment and a mono- 
mer (an oligomer) but no photochemical reaction initia- 
tor of a high price can be applied. Owing to this, a high- 
precision high-strength image can be formed at a lower 
cost on the recording medium 99. It is a matter of course 
55 that, in the case where electron-ray-setting inks are 
used, electron ray sources for emitting electron rays to- 
wards the recording medium 99 are provided on the car- 
riage 3 or the carriage 13 instead of the UV light sources 
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5. 

[0079] Further, in the above-mentioned examples of 
the embodiment, in the head 4, jet openings 4b are ar- 
rayed in a straight line in the sub-scanning direction B; 
however, it is also possible to make the head such one 
as to have a plurality of lines of jet openings arranged 
in a straight line in the sub-scanning direction B, or also 
it is possible to provide a plurality of heads having a sin- 
gle line of jet openings. For example, it is also appropri- 
ate to provide a head 14 as shown in Fig. 5 in the car- 
riage 3 or in the carriage 13 instead of the head 4. In 
this head 14, there is provided a nozzle plate 14a mak- 
ing up the bottom of this head 14. In the nozzle plate 
14a, there are formed a plurality of jet openings 14b, 
14b, — leading from the internal space of the head 14 
to the outside of the head 1 4. Further the plural jet open- 
ings 14b, 14b, — are arranged in three lines parallel to 
the sub-scanning direction B in the nozzle plate 14a. Of 
course, ink drops are jetted from each jel opening 14b. 
Further, also in the case of the head 14 where the jet 
openings 14b, 14b, — are arranged in. three lines as 
shown in Fig. 5, to remark a certain jet opening 1 4b, the 
head 14 is disposed at a position such that the time in- 
terval until an ink drop is irradiated by the ultraviolet rays 
from the UV light source 5 adjacent to the left side of it 
is equal to the time interval until an ink drop is irradiated 
by the ultraviolet rays from the UV light source 5 adja- 
cent to the right side of it in a reverse-direction scanning, 
or these time intervals are both fall within a specified 
range of time. In addition, Fig. 5(a) is the bottom view 
of the head 14, and Fig. 5(b) is the front view showing 
the head 14 as seen in the sub-scanning direction B. 
[0080] Further, in the above-mentioned examples of 
the embodiment, the color of the UV ink drops jetted 
from the jet openings 4b provided in one head 4 is the 
same for all the jet openings, but also it is possible to 
make ink drops jetted from one or some jet openings 
have a color different from the color of ink drops jetted 
from other jet openings. For example, a head 24 is pro- 
vided in the carriage 3 or in the carriage 13 instead of 
the head 4, and in this head 24, the colors of UV ink 
drops jetted are classified by line. Fig. 6 is the bottom 
view of the head 24. 

[0081] In the bottom plate of the head 24, in about the 
same way as the head 1 4, a plurality of jet openings 24b, 
24b, — are formed. Further, three lines of jet openings, 
each line being composed of plural jel openings 24b, 
24b, — arranged in a straight line in the sub-scanning 
direction B, are arranged on the bottom surface of the 
head 24. Each of the jet openings 24b in the left line 24c 
shown in Fig. 6 leads to a supply path 24d extending 
through the inside of the head 24, each of the jot open- 
ings 24b in the central line 24e leads to a supply path 
24f extending through the inside of the head 24, and 
each of the jet openings 24b in the right line 24g leads 
to a supply path 24h extending through the inside of the 
head 24. Further, the supply paths 24d, 24f r and 24h 
lead to the ink tanks 6 of different ink colors respectively. 



Hence, the color of the UV ink drops jetted from the jet 
openings 24b of the left line 24c. the color of the UV ink 
drops jetted from the jet openings 24b of the central line 
24e, and the color of the UV ink drops jetted from the jet 
5 openings 24b of the right line 24g are different from one 
another. What makes up the bottom of the head 24 is 
the nozzle plate 24a. 

[0082] - Further, in the above-mentioned examples of 
the embodiment, ink drops are jetted while the carriage 
10 3 or the carriage 1 3 is moving left in the image formation 
range shown in Fig. 1 and also while the carriage is mov- 
ing right; however, it is also possible to jet ink drops only 
during the moving of the carriage in one direction. In this 
case, assuming that ink drops are jetted only while the 
?5 carriage 3 or the carriage 13 is moving left, it is unnec- 
essary to provide the leftmost UV light source 5, and in 
the case where ink drops are jetted only while the. car- 
riage 3 or the carriage 13 is moving right, it is unneces- 
sary Lo provide the righlmosl UV light source 5. 
[0083] Further, in the above-mentioned examples of 
the embodiment, the heads 4 (the heads 14, or the 
heads 24) and the UV light sources are alternately ar- 
ranged in the main scanning direction A; however, it is 
also possible to arrange the UV light sources and the 
lines of jet openings in the main scanning direction in a 
head. For example, the head shown in Figs. 7(a)and 7 
(b) are examples of it. In addition, in Figs. 7(a) and 7(b), 
the direction perpendicular to the depth direction with 
respect to the paper surface in the drawing is the sub- 
scanning direction B. 

[0084] At the bottom of a head 34 shown in Fig. 7(a), 
in the orderfrom leftto right, there are provided jet open- 
ings for jetting ink drops of yellow 34a, 34a, — , jet open- 
ings for jetting ink drops of magenta 34b, 34b, — , jet 
openings for jetting ink drops of cyan 34c, 34c, — , and 
jet openings for jetting ink drops of black 34d, 34d, 
As regards the jet openings 34a, 34b, 34c, and 34d, a 
plurality of them for each color are arranged in a line in 
the depth direction with respect to the paper surface of 
the drawing, that is, in the sub-scanning direction. 
[0085] Further, as shown in Fig. 7(a), on the bottom 
surface of the head 34, a plurality of concave portions 
34e, 34e, — are formed at equal intervals. Each of the 
concave portions 34e, as seen from the bottom side, has 
the longer dimension in the sub-scanning direction B, 
and is longer than the length of the lines of jet openings 
34a, 34b, 34c, and 34d in the sub-scanning direction B. 
In each of the places between the neighboring concave 
portions 34e, any one of the line of jet openings 34a, the 
line of jet openings 34b, the line of jet openings 34c, and 
the line of jet openings 34d is disposed. In each of the 
concave portions 34c, there is provided a UV light 
source 35 for emitting ultraviolet rays. The length of the 
UV light source 35 in the longer dimension is approxi- 
mately equal to or longer than the length of the lines of 
jet openings 34a, the length of the lines of jet openings 
34b, the length of the lines of jet openings 34c, or the 
length of the lines of jet openings 34d. 
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[0086] This head 34 is provided on the carriage 3 
shown in Fig. 1 , or attached to the guide member 2 
shown in Fig. 1 in a movable way along the guide mem- 
ber 2. Hence, the head 34 is made to move back and 
forth in the main scanning direction A. 
[0087] At the bottom of the head 44 shown in Fig. 7 
(b), in the order from left to right, there are provided jet 
openings for jetting ink drops of yellow 44a : 44a ; jet 
openings for jetting ink drops of magenta 44b, 44b. 
jet openings for jetting ink drops of cyan 44c, 44c, 
and jet openings for jetting ink drops of black 44d, 44d, 
— . As regards the lines of jet openings 34a, 34b, 34c, 
and 34c, a plurality of them for each color are arranged 
in a line in the depth direction with respect to the paper 
surface of the drawing, that is, in the sub-scanning di- 
rection. 

[0088] This head 44 is provided on the carriage 3 
shown in Fig. 1 , or attached to the guide member 2 
shown in Fig. 1 in a movable way along the guide mem- 
ber 2. Hence., the head 44 is made to move back and 
forth in the main scanning direction A. 
[0089] To this head 44, flexible optical fibers 45, 45, 
— are coupled. One end 45b of each optical fiber 45 is 
connected to the light emitting part 46 for emitting ultra- 
violet rays, and the other end 45a of each optical fiber 
45 comes to the bottom surface of the head 44. The oth- 
er end 45a of each optical fiber 45, as seen from the 
lower side, has the longer dimension in the sub-scan- 
ning direction B, and is longer than the length of the line 
of jet openings 44a, 44b, 44c, or 44d in the sub-scanning 
direction B. At the positions between the neighboring 
other ends of the optical fibers 45, the line of jet openings 
44a, the line of jet openings 44b, the line of jet openings 
44c, and the line of jet openings 44d are disposed re- 
spectively. In this head 44, ink drops jetted onto the re- 
cording medium 99 are irradiated by ultraviolet rays, 
which are emitted from the light emitting part 46, trans- 
mitted through the optical fiber 45, and emerge from the 
other end 45a. In addition, in this case, the term "the 
active ray source" used in this invention stands for the 
other end 45a of the optical fiber 45. 
[0090] As another example of practice, a line-type ink 
jet printer using a line-type head arranged in the direc- 
tion (main scanning direction) approximately perpendic- 
ular to the transporting direction of a recording medium 
(sub-scanning direction). As regards the detail of it, ex- 
planations overlapping the examples of practice ex- 
plained in the foregoing will be omitted, and only the 
parts different from the foregoing examples of practice 
will be explained. 

[0091 ] Fig. 8 is a structural drawing in outline of a line- 
type ink jet printer having line-type heads with emission 
sources of active rays arranged. In Fig. 8, 19 denotes 
line heads, and 20 denotes UV light sources. The line 
heads and the UV light sources are arranged alternately 
in the transporting direction of a recording medium, and 
arranged in such a way that each of the printing and the 
irradiation is done in a multistage way. The recording 



medium is transported in the direction approximately 
perpendicular to the array direction of the jet openings 
of the line-type head. The line heads 1 9 and the UV light 
sources 20 are both arranged at equal intervals. Ink 

5 drops of an UV ink jetted from each of the line heads 1 9 
and landed on the recording medium are irradiated im- 
mediately after the landing by the ultraviolet rays from 
each of theUV light sources 20 disposed next to the line 
head 19 at the downstream side in the transporting di- 

10 rection of the recording medium. Owing to this, ink 
drops, from whichever line head 19 they are jetted, are 
immediately irradiated by the ultraviolet rays, therefore, 
the time interval up to the hardening of the ink drops are 
shortened, and the spreading of ink drops on the record- 

15 ing medium can be suppressed. 

[0092] In this case, the recording medium 99 is con- 
tinuously conveyed, not intermittently such as that in the 
first embodiment. The recording medium 99 is prefera- 
bly conveyed in a constant speed by the conveying 

20 mechanism. The duration of from the landing of each of 
the inks ejected from each of the line heads 64 to the 
beginning of irradiation by the UV ray source adjacently 
provided at the lower course of the sub-scanning direc- 
tion B, is controlled so that the duration is to be within 

25 the range of from 0.001 to 0.4 seconds, preferably from 
0.005 to 0.2 seconds. In such the case, the duration of 
from the landing of the ink droplet to the beginning of 
irradiation can be controlled by controlling the conveying 
speed of the recording medium 99 with respect to each 

30 of the line heads since the line head 64 and the UV ray 
source are alternatively arranged at the same intervals. 
[0093] Further, any ink drop jetted from any line head 
has little deviation of the time interval from its landing to 
the irradiation from a definite value, and the time interval 

35 until ink drops start setting becomes constant; therefore, 
there is no difference in the degree of spreading of ink 
drops among the line heads. 

[0094] According to this invention, because each of a 
plurality of active ray sources and each of a plurality of 

40 heads are alternately arranged in the main scanning di- 
rection, an ink drop landed, from whichever head it has 
been jetted, is immediately irradiated by ultraviolet rays 
from the active ray source adjacent to the head. Com- 
pared to conventional examples, even in the case there 

45 are a plurality of lines of jet openings in a head, and in 
either case of forward movement and backward move- 
ment, because Lhe timing when an ink drop is subjected 
to the irradiation by the active ray source located at the 
downstream side in the moving direction during opera- 

so tion falls within a specified range of time, the degree of 
blur is equalized, and the degree of color mixing is also 
equalized; therefore, it becomes possible to provide a 
high-quality image formation. Hence, an ink drop jetted 
from any one of heads is hardened sooner compared to 

55 conventional examples after it is landed on a recording 
medium; therefore it does not spread on the recording 
medium, and what is called a blur is reduced and equal- 
ized. Thus, this invention exhibits an effect to make it 
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possible to obtain a high-quality image. 
[0095] Further, because each of a plurality of active 
ray sources and each of a plurality of heads are alter- 
nately arranged in the main scanning direction, for an 
ink drop jetted, from whichever head it has been jetted, 
the time period from the landing to the irradiation be- 
comes constant, and the time required for setting is con- 
stant. Hence, as regards an ink drop landed, from which- 
ever head it has been jetted, the degree of its spreading, 
that is, the degree of the blur becomes the same. Hence, 
this invention exhibits an effect to make it possible to 
obtain a higher-quality image. 



Claims 

1 . An ink jet printerforforming an image on a recording 
medium with an active-ray-setting ink, which is 
hardened by an irradiation of active rays, compris- 
ing: 

a plurality of heads, each of the plurality of 
heads having a plurality of jet openings for jet- 
ting the activc-ray-sotting ink as ink drops to- 
wards the recording medium; and 
a plurality of active ray sources to irradiate ac- 
tive rays for hardening the ink drops of the ac- 
tive-ray-setting ink landed on the recording me- 
dium, wherein 

each of the plurality of heads and each of the 
plurality of active ray sources are arranged al- 
ternately. 

2. The ink jet printer of claim 1 , further comprising a 
mobile body being movable in a main scanning di- 
rection relatively to the recording medium, and pro- 
vided with the plurality of heads and the plurality of 
active ray sources in such a way that each of the 
plurality of heads and each of the plurality of active 
ray sources are arranged alternately in the main 
scanning direction. 

3. The ink jet printer of claim 2, wherein the plurality 
of jet openings are formed linearly along a sub- 
scanning direction which is substantially perpendic- 
ular to the main scanning direction. 

4. The ink jet printer of claim 2, wherein the intervals 
between each of the plurality of heads and each of 
the active ray sources neighboring to said each of 
the plurality of heads become equal to one another. 

5. The ink jet printer according to any of claims 2 to 4, 
wherein 

the plurality of active ray sources are arranged 
in such a way that the intervals between two 
neighboring active ray sources become equal 



to one another, 

the plurality of heads are arranged in such a 
way that the intervals between two neighboring 
heads become equal to one another, and 
5 the mobile body is controlled so as to move at 

a constant speed in a range of image formation. 

6. The ink jet printer according to any of claims 2 to 5, 
wherein the ink jet printer is controlled so as to jet 

10 ink drops from the jet openings and to emit the ac- 
tive rays from the plurality of active ray sources, dur- 
ing the movement of the mobile body. 

7. The ink jet printer of claim 1, wherein the plurality 
of heads and the plurality of active ray sources 
move relatively to the recording medium in a sub- 
scanning direction, and each of the plurality of 
heads and each of the plurality of active ray sources 
are arranged alternately in the sub-scanning direc- 

20 tion. 

8. The ink jet printer of claim 7, wherein the plurality 
of jet openings are formed linearly along a main 
scanning direction, which is substantially porpon- 

25 dicular to the sub-scanning direction. 

9. The ink jet printer according to claim 7 and 8. where- 
in the intervals between each of the plurality of 
heads and each of the active ray sources neighbor- 

30 ing to said each of the plurality of heads become 
equal to one another. 

10. The ink jet printer according to any of claims 7 to 9, 
wherein the plurality of active ray sources are ar- 

35 ranged in such a way that the intervals between any 
of two neighboring active ray sources become 
equal to one another, and 

the plurality of heads are arranged in such a 
way that the intervals between any of two neighbor- 
^o ing heads become equal to one another. 

11. The he ink jet printer according to any of claims 1 
to 10, wherein the time interval from the landing of 
an ink drop, which is jetted from any one of the plu- 

^5 rality of heads, to the first irradiation by active rays 
by any one of the plurality of active ray sources falls 
within a specified range or Lime, for the ink drop jet- 
ted from any of the plurality of heads. 

50 12. The ink jet printer of claim- 1 , further comprising a 
transporting mechanism for transporting the record- 
ing medium in a sub-scanning direction. 

13. The ink jet printer of claim 1 , wherein the plurality 
55 of heads are heads for forming a. full color image. 

14. Aninkjetprinterforformingan image on a recording 
medium with an active-ray-setting mk, which is 
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hardened by an irradiation of the active rays, com- 
prising: 

a mobile body being movable in a main scan- 
ning direction relatively to a recording medium; 
an active ray source provided on the mobile 
body for irradiating the active rays to the record- 
ing medium; and 

a plurality of lines of jet openings, each line of 
the plurality of lines of jet openings having a plu- 
; : : rality of jet openings, for jetting the active-ray- 
setting ink as ink drops towards the recording 
medium, wherein the plurality of lines of jet 
openings are arranged at both the sides of the 
active ray source in the main scanning direc- 
tion. 
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cording medium by the jetting process up to the time 
the ink drop is irradiated by the active rays in the 
irradiating process is controlled to become 0.005 
second to 0.2 second for the ink drop jetted from 
any of the plurality of heads. 



15. An ink jet head comprising: 

a plurality of lines of jet openings for jetting an 
active-ray-setting ink. which is hardened by an 
irradiation of active rays, as ink drops, wherein 
each line of the plurality of lines of jet openings 
having a plurality of jet openings and arranged 
linearly on different lines respectively; and 
an active ray source provided between said plu- 
rality of lines of jet openings for emitting active 
rays. 

16. An image forming method for forming an image on 
a recording medium with an active-ray-setting ink, 
which is hardened by an irradiation of active rays, 
comprising: 

jetting the active- ray-setting ink as ink drops 
from a plurality of heads towards the recording 
medium; and 

irradiating ink drops landed on the recording 
medium with the active rays, after the jetting 
process, 

wherein the time interval after an ink drop is 
landed on the recording medium by the jetting proc- 
ess up to the time the ink drop is irradiated by the 
active rays in the irradiating process is approxi- 
mately the same for the ink drop jetted from any of 
Ihe plurality of heads. 

1 7. The image forming method of claim 1 6, wherein the 
time interval after an ink drop is landed on the re- 
cording medium by the jetting process up to the time 
the ink drop is irradiated by the active rays in the 
irradiating process is controlled to become 0.001 
second to 0.4 second for the ink drop jetted from 
any of the plurality of heads. 

18. The image forming method of claim 16, wherein the 
time interval after an ink drop is landed on the re- 
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FIG. 3(b) 
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